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Overview h‘

« Energy/Water Nexus

— |Issues, Trends, and Concerns

« Overview of DOE Energy-Water Science and

Technology Roadmap Process
— Process, schedule, goals, participants

« Technical Workshops Summary

— Regional and national issues and challenges identified

— Some suggested science and technology research and development
directions

« Www.Sandia.gov/energy-water
— Mike Hightower, 505-844-5499, mmhight@sandia.gov
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FYO5 appropriations are now supporti
two Energy-Water efforts

» Report to Congress

— Consider energy and water interdependencies, trends in
energy and water supplies, threats and concerns to energy
production

— Coordinated by Sandia, Los Alamos, NETL, and EPRI
— Due to Congress March 2006

« Energy-Water Roadmap for DOE

— Assess emerging energy and water resource issues based on
user and stakeholder needs

— Develop energy and water science and technology priorities
— Due to DOE by September 2006
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Energy and Water are
Inextricably linked

Enerqy for Water and Water for Energy
Energy and Water
pOBEs production,
prOd-UCtlon S _ processing,
requires distribution,
water: and end-use
e Thermoelectric .

cooling requires
« Hydropower energy.

* Energy minerals * Pumping

extraction / mining
* Fuel Production
(fossil fuels, H,,  Treatment
biofuels/ethanol) » Use conditioning
* Emission controls * Surface and
Ground water

» Conveyance
and Transport
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Energy and agriculture withdraw
the most water in the U.S.

Estimated Freshwater Withdrawals by Sector, 2000

Industrial
Public Supply 6%

0]
A Livestock

2%

Primarily Primarily
Nonconsumptive Consumptive

Irrigatiot

Thermoelectric 39%
39%

Source: USGS Circular 1268, March, 2004

Note: Hydropower uses are not included here!




Will water supplies be sufficient to meet US
energy demands in 20 years?

S

600 US Census Bureau Data

 Population could
Increase significantly;

fresh water will not

— Population increases will
not necessarily be in
water-rich regions

500 |

fnearly double

POPULATION

2050 2100

« Diminished supplies of surface and ground water

« Energy industry must compete for water with agriculture,
other industries, and domestic use

 Climate change and energy-industry operations could
Impact water supplies, quality, and energy demand
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Water challenges are nationwide

Total Freshwater Withdrawal, 1995/ Available Precip

Projected
Population
Growth
(2000-2020)

g o BT Source: NETL (2002)
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Energy

and Water Interdependency Issues

Are Appearing Now
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The U.S. will need 30% more electricity by
2025

6000

Projection:
y = 67.05(x) - 130,700
5000

~30% more
electricity
needed in

U.S. by 2025

4000 -

3000 -

Billion kWh

2000 -

1000 -

Source: DOE/EIA-0384(2004)

1945 1965 1985 2005 2025
Year
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EWN issues align with DOE goals~,
responsibilities, and capabilities

, Projected Thermoelectric Increases
« DOE’s Energy (Capacity in 2025 vs 1995)

Strategic Goal is
at risk If water
needs are not

- +165%,
considered -
— "promote a diverse
supply ... of
reliable, affordable 4 1% —
and +106% _ +79%
environmentally prT— N |
sound energy” we B |
s [I +63%
|
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Future energy development will
put new demands on water

Many new technologies will be
more water intensive

Hydrogen economy would require

even more water:

Hydrogen Demand in Three Scenarios

90
—~ 80
©
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» 50
=
o
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o 30
< 20
= 10

0

2015 2020 2025 2030 2035 2040 2045 2050

President's H2 Initiative ~=DOE/NRCan 2050 Study
—EIAReference Case Extended

Constraints will grow for energy
development and power plant
siting _ -

Biodiesel processing

Soy for biodiesel (irrigated)

Ethanol processing

Corn for ethnaol (irrigated)

Hydrogen reforming

Natural gas pipeline (<1)
Natural gas process
Natural gas extraction
Oil Storage

Oil Shale - surface retort
Oil Refining

Oil Sands

Oil-Shale - in situ

EOR -- Tertiary steam

EOR -- CO2 Injection

Enhanced Oil Recovery
Oil Extraction

Uranium Processing
Uranium Mining
Coalbed Methane
Synfuel Production
Coal Slurry

Co:all Washing
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Future water supplies and treatment will
be more energy intensive

Power requirements for
current and future water supply

 Readily accessible fresh water

supplies are limited and have
been fully allocated in some — /J\\
areas

— Increased energy for pumping at _ 4000 |-

deeper depths and longer conveyance g
:g’ 3000 1™ t Sea Water
« New technologies to access E Desalination

and/or treat non-traditional 2 2000 |~ Publi
water resources will require : St ]

more energy per gallon of water . waier

— Impaired water, produced water,

brackish water, and sea water =
. . o . Source: EPRI (2000), Water I?esallnatlon Task Fo_rcg (2003)

ENERGY <\




Energy-Water Roadmap Planning and
Implementation Team

« Sandia National Laboratories

— Coordinate roadmap efforts — workshops, gap analysis, ranking efforts, and
roadmap report

— www.sandia.gov/energy-water

o Executive Committee

— Representatives from - energy utilities, water management groups,
environmental groups, energy and water regulators, utility associations, oil
and gas, natural resource experts

 National Lab Advisory team
— Support science and technology issues analysis

« UNM Utton Transboundary Center and Lawrence Berkeley
National Laboratory
— Coordinate policy, regulatory, and economic issues analysis
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Energy-Water Roadmap Process

National Energy-Water Roadmap Process

) Approximate
Energy-Water Catagories Energy — Water Roadmap Time Line
Executive Committee Executive Committe >
Process Guidance & Oversight
Content Review & Approval T T Py T
! E- ; ]
EnergyWater Nexus Advisory Group :"_E_I_J\_l_l\!?)_cy_s_f\_q!l_s_u_r'_y_?_l'_cll._le_: Julzy(;?g i
National Laboratory Group
------------------------------------------- West Region G i
Needs Assessment Workshops Central Region Oct 2005
User / Customer Driven | 2 -Jan 2006
et East Region
5 Gap Analysis and
Gap Analysis Workshop Evaluations > Feb 2006
Cross-Cutting
................................................................... m=m==nceeccaaaaad  Policy meemmemeeeecececcececeecccsceccceaeaa-
Tech Innovation Workshop Tech Approaches|, ” & May 2006
Technology Provider Driven 8 Innovation Economic
------------------------------------------------------------------- {----------------- Issues e et
R&D Direction & Priorities R&D Priorities |, . May — Jun
Overseen by Executive Committee and Strategies 2006

Peer Review | Jul—Sept
DOE Review 2006

Regional and National Research
Perspectives and Directions
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Energy-Water Needs Assessment Regions
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Needs Assessment Workshop Overview

 Three regional workshops: Nov 2005 through mid-January 2006
— Kansas City, Baltimore, Salt lake City
— Almost 350 participants from 45 states involved overall

« Focus on emerging user and stakeholder problems, issues, and
needs and science and technology role in developing effective
solutions

 Broad spectrum of regional, state, and local participation and
Input
— Representatives from energy companies, electric utilities, water utilities, water

managers, economic development groups, energy regulators, environmental
groups, tribal nations, other water-use sectors

« Captured high-level issues, needs, and recommendations
Identified in each workshop
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Summary of Major National Needs
and Issues ldentified the Regional Worksho

&

1. Need for Integrated regional energy and water resource
planning and decision support

Oil and gas produced water treatment for use

Water needs for emerging/renewable energy resources
Improved biofuels/biomass water use efficiency
Improved water efficiency in thermoelectric power
generation

Energy efficiency for impaired water treatment and use
Improved water supply and demand
characterization/monitoring

8. Infrastructure changes for improved energy/water efficiency
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Examples of Identified Science and

Technology Research Directions

Improved data on regional water availability and sustainability
— Statistical determination of monitoring needed, improved water data collection and frequency

Coordinated regional natural resources planning
— Modeling and decision support tools for improved resource management and utilization
— Climate variability and uncertainty modeling
— Assessment of ecological water needs and demands

Improved materials, processes, and technologies to enhance water use efficiency
and energy use efficiency
— Basic research in chemical and biological processes to improve energy and water use efficiency

— Applied research and more joint industry-government field demonstrations of emerging
technologies

— Implementation of energy technologies with high water use efficiency

System-level consideration of energy-water solutions
— Energy and water transmission infrastructure improvements to enhance efficiencies
— Co-location of energy and water production facilities to improve overall resource efficiency




Energy-Water Science and Technology
Roadmap Summary
 Results from all Workshops are presented at
www.sandia.gov/energy-water

« Primary needs and issues are similar throughout
the country - except for the Northeast

« People are thinking out of the box to find new
solutions, but policy and regulatory improvements
are needed to accelerate implementation

 Final report available September 2006
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